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Ignition Target Designs for
NIF 

Ignition target designs for NIF
require the formation of a smooth layer
of deuterium-tritium (DT) fuel frozen
on the interior surface of a spherical
capsule made of plastic (CH) or beryl-
lium.  The indirect-drive (ID) approach
to fusion being developed for NIF
requires that this shell be centered in a
cylindrical hohlraum that is used to
generate the x-ray drive that implodes
the capsule.  A schematic of this target
is shown in the March-April 2004
Bimonthly Update.1

We have recently demonstrate key
steps needed to successfully field these
t a rgets on NIF: (1) controlled filling of a
capsule with DT fuel through a 5-µm
ID fill tube; (2) the formation of a DT ice
layer that meets the NIF ignition
smoothness re q u i rement at high
modes; and (3) partial control of low-
mode ice layer roughness in a
hohlraum.  

The filling method utilizes a
m i c ron-scale fill-tube attached to the
capsule and a low-pre s s u re fill re s e r-
v o i r, as described above.1 We have now
successfully extended this method to
DT fills. Figure 1 shows liquid DT sit-
ting at the bottom of a transparent CH
shell after filling. The hohlraum is ver-
tical and gravity is directed downward .
The shell is back-illuminated and
imaged through a pair of diagnostic
side windows added to the hohlraum
for this measurement. The fill tube is
located at about 9 o’clock in the image.
When the reservoir is heated to ~50 K
and the capsule cooled to ~20 K, the DT

fuel flows from the re s e r v o i r, thro u g h
the fill-tube and into the capsule, con-
densing in the bottom. Small tempera-
t u re adjustments on the fuel re s e r v o i r
allow us to easily control the DT liquid
volume to high precision. 

Layer Formation and Thermal
Shimming 

To form a smooth DT layer, we
f reeze and melt the fuel in the capsule
until we obtain a single ice crystal seed
f rom which we slowly grow the fro z e n
fuel layer. Forming this single ice crystal
is aided by generating a large axial tem-
p e r a t u re gradient in the hohlraum using
heaters built into the hohlraum (these
a re called temperature shimming
heaters), which allows control over the
hohlraum thermal field. The ro u g h n e s s
of the ice surface is characterized by the
amplitude of modes where each mode is
the number of oscillations of the ice
layer that fit into its circ u m f e rence. 

The thermal gradient forces the ini-
tial freeze front to develop on the top of
the capsule, where the liquid layer is
very thin, and the crystal growth is more
easily observable and contro l l a b l e .
G rowing the fuel layer slowly from the
liquid ensures a much smoother ice
layer surface than is obtained when the
liquid is rapidly frozen. The thermal
gradient established to help grow the
seed ice crystal produces a large offset in
the solid layer as shown in Figure 2a.
Removing the thermal gradient estab-
lished for growing the ice layer causes
the layer to become centered as shown in
F i g u re 2b, demonstrating partial contro l
of low-mode defects in the ice profile.  

Separate experiments to demon-
strate high-mode smoothness via beta-
layering in a Be shell outside of a
hohlraum have shown ice ro u g h n e s s
that  meets the specifications for the NIF
ignition design at high modes (>7). Beta-
layering refers to the ice re d i s t r i b u t i o n
p rocess that results from self-heating of
the DT ice due to beta emission fro m
radioactive decay of tritium. Figure 3
shows a power spectrum obtained fro m
a DT ice layer in a Be shell measure d
using phase contrast x-ray imaging.2
Modes above 7 meet the NIF design
re q u i rement. 

We have successfully demonstrated
filling, layering, and the initial steps of

Figure 2(a). Solid ice layer grown with large off-
set introduced by the seed crystal axial gradi-
ent. (b) Temperature shimming removes the
large axial offset, resulting in a concentric
ice layer.

 

 Figure 1. Target capsule view from diagnos-
tic side window. It is filled with liquid DT,
and the ice crystal seed is visible on top.

thermal shimming to control low
modes.  Measurements outside of a
hohlraum show that beta-layering pro-
duces an ice roughness that meets NIF
re q u i rements for modes above 7.  Future
e ffort will focus on reducing the ampli-
tude of the few remaining modes in a
NIF hohlraum, which have not yet been
demonstrated to meet specifications. 

 

Figure 3. Plot showing the required power
spectrum for NIF ice layers (black) and the
measured power spectrum for a DT ice layer
grown in a Be shell.
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